This experiment was conducted during spring growing season of 2018 at Jordan University of Science and Technology (JUST) campus in northern Jordan 32.4950° N, 35.9912° E. The aim of the study was to evaluate the effect of different soilless media such as T: Tuff 100%; TP: Tuff + Perlite 50% each; TPS: Tuff + Perlite + Sawdust 33% each; and TS: Tuff + Sawdust 50% each on some of morphological, physiological and biochemical characteristics related to the quality and quantity of seedless and baby cucumber cultivars. The experimental design was split plot with factorial arrangements and four replications. The measurements related to plant morphology: height, shoot and root length, shoot root fresh and dry weight, number of leaves and flowers, fruit quality: total yield, weight, diameter, hardness, length and numbers per plant. Fruit total soluble solids, the potential of hydrogen pH and electrical conductivity EC of fruit juice, leaf chlorophyll content, leaf relative water content and fruit water content, fruit and shoot biochemical content minerals, organic matters, fats, fibers, and proteins were also measured. The results indicated significant differences in both cucumber cultivars with respect to all parameters studied. Finally, this study concluded that using TS media for seedless cultivar is the best successful growing soilless media as well as the cheapest compared to other solid media used. On the other hand, using TP media for baby cultivar was the superior growing soilless media that was not expensive compared to other universal media. In addition, the TPS media showed minimum growth and low yield in both cucumber cultivars.
Introduction
Cucumber (Cucumis sativus L.), belongs to the Cucurbitaceae family, one of the most important plant families in agriculture, and one of the basic crops in the greenhouse were being grown on a large scale worldwide (Papadopoulos, 1994) . It is one of the creeping vegetables with large consumer demand worldwide (Petre et al., 2015) . In addition, it is considered one of the vegetable crops widely cultivated in plastic greenhouses in the Mediterranean region, because of its short growing cycle and its high economic value in off-season harvest (Maršić and Jakše, 2010) . Cucumbers can be planted directly through seeding or transplanting (Singh et al., 2018) . It is a good source of phytonutrients such as flavonoids, lignans, and triterpenes, which have antioxidants, anti-inflammatory anti-cancer benefits as reported by (Onimisi and Ovansa, 2015) . The peel and seeds are considered the most nutrient dense parts of the cucumber. In addition, cucumber seeds are a good source of minerals and used in diet and disease treatment programs (Onimisi and Ovansa, 2015) . As a rule of thumb, the soil is usually the most available growing medium for plants. It provides anchorage, nutrients, air, water, etc. for successful plant growth and for microorganisms (Sepehri et al., 2018) . Since the crops on soil show major problems due to pathogen attacks and soil limiting factors, it is required to conduct soil treatments using either chemical or thermal methods that are not environmentally friendly. Moreover, these methods of disinfection are either too expensive or too polluting to the soil and/or groundwater (Petre et al., 2015) . Besides, other problems such as nematodes, unsuitable soil reaction, unfavorable soil compaction, poor drainage, degradation due to erosion, salinity, etc. all reduce yield. In addition, conventional growing crops in soil open field agriculture are somewhat difficult as it involves large space, many workers and a large volume of water (Asaduzzaman et al., 2015) . In addition, weed control could not be avoided (Hussain et al., 2014) . Soilless or hydroponics culture is one of the modern techniques. They are considered as important technologies for better water use efficiency as well as high good quality and quantity products. Among various soilless culture practices, the use of substrates considered the easiest to adapt by growers. Substrates defined above, solely or mixed appropriately, provide better root system conditions, compared to those offered by agricultural soil (Wilkinson et al., 2014) . Numbers of organic and inorganic materials such as gravel, sand, peat, sawdust, pumice, tuff, coir, vermiculite, perlite, and rock wool pure or in mixture are used as solid growing media in addition to hydroponics (Water), aeroponics and aquaponics as cropping systems (Johnson et al., 1985; Papadopoulos, 1994; Massa et al., 2011; Hussain et al., 2014 and Putra and Yuliando, 2015) . The selection of a particular material as a substrate depends on its availability, cost and local experience on its use (Sahin et al., 2003 and Sorin et al., 2015) . Such substrates replace the soil because the natural soils are often poorly suited for cultivation and contain chemical, physical, or biological contaminations (Asaduzzaman et al., 2015) . The substrate plays a key role to support the plant, and provides air, water, and nutrients to the roots. In addition, it must not contain pathogens and should not be phototoxic. The aim of this study was to evaluate different soilless solid media with different cucumber cultivars to investigate the suitable growing and inexpensive media for planting cucumber. In addition, to study plant response to the quality and quantity of cucumber yield under greenhouse conditions.
Results
The different soilless growing media showed a dramatically significant effect on morphological, physiological and biochemical characteristics of both cucumber cultivars such as fruit production and shoot, and root parameters.
Results of physicochemical properties of soilless growing media
The physicochemical properties of soilless growing media results demonstrated in Table 1 . The Soilless media showed a variation between their physicochemical properties. The media T showed lower WHC, higher pH, high EC, higher (ρ) and lower porosity compared to media TP that has high WHC, high pH, higher EC, high ρ and high porosity. TPS media showed higher WHC, neutral pH, lower EC, lower ρ and higher porosity compared to media TS which showed high WHC, lower pH, low EC, high ρ and high porosity.
Cucumber yield
The results of average fruit diameter (cm), average fruit length (cm), average total fruits number, and average fruits weight (g) per plant presented in Table 2 . The results showed the main effect of soilless media and cucumber cultivars yield. Generally, the media filled with sawdust showed the lowest values compared to other soilless media. On the other hand, the cucumber cultivars are genetically different in fruit parameters, which the soilless media affected the quantity of the fruits. Plate 1 demonstrated the cucumber yield for both cultivars per one plant, when grown in media TP. 
Plant height and morphological characteristics of shoot and root
Shoot and root characteristics presented in Figure 1 , where they showed significant differences. The highest plant height was scored for seedless cultivars grown in media TP (229.5 cm), compared to the lowest value (204.8 cm) grown in media TS. Shoot fresh weight scored the highest value when grown in media TS (376.7g) compared to the lowest value 265.4g in media TP. The shoot dry weight scored the highest value when grown in media T (52.1g) compared to the lowest value 40.2g in media TPS. The baby cultivar scored the highest value of plant highest when grown in media TPS (239.3cm), compared to the lowest value (204.3cm) in media TS. Shoot fresh weight scored the highest value when grown in media TP (401.5g) compared to the lowest value (242.9g) in media TS. Shoot dry weight scored the highest value when grown in media TP (71.5g) compared to the lowest value (27.5g) in media TPS. Figure 2 represents root characteristics for both cultivars the root length (A), the root fresh weight (B) and root dry weight. The results showed the highest root length for seedless cultivar when grown in media TS (34.3cm) compared to the lowest value when grown in media TP (25.8cm). The highest root fresh weight (62.5g) was observed in media TP compared to lowest value 15.2g obtained from media TPS. The highest root dry weight (8.66g) in media TP compared to the lowest value (1.78g) when grown in media TPS. On the other hand, the baby cultivar scored the highest value of root length (26.8cm), when grown in media TP and the lowest value (19.5), when grown in media TS. Root fresh scored the highest value (82.5g) in media TP and the lowest (14.3g) when grown in media TS. Root dry weight scored the highest value (8.05g) when grown in media T and lowest (1.64g) when grown in media TS.
Stem diameter, leaf and flower numbers
The stem diameter and flower numbers showed significant differences between both cucumber cultivars in the different soilless media (Figure 3 ). Generally, the results of the seedless cultivar for stem diameter showed the lowest values 0.90 cm when grown in media TP and the lowest 0.80 cm for baby cultivar when grown in media TS. The flower number did not show highly significant between the treatments except for media T that scored the highest number of leaf for the baby cultivar. The number of leaves was not significantly different under the different treatments under our experimental conditions.
Physiological characteristics
The LRWC and LCC of both cultivars grown in different soilless growing media were satisfactorily presented in Table 3 . The plants grown in LRWC showed higher values than other media but lower LCC. The FWC did not show any significant differences under our experimental conditions.
Fruit hardness, fruit TSS, pH and EC of fruit juice
The results showed a significant difference between soilless media types and both cucumber cultivars with respect to fruit hardness and TSS ( Figure 4 ). The results of fruit hardness for seedless cultivar showed the highest value (4.43kg/f) when grown in media TS, while the lowest value observed (3.26kg/f) in media TP, compared to baby cultivar which did not show a significant difference in any of soilless media. The TSS of seedless cultivar scored the highest value (3.48 Brix) when grown in media T compared to the lowest value (2.70 Brix) that observed in media TP. The baby cultivar scored the highest TSS (2.45 Brix), when grown in media TP and the lowest value (1.40 Brix) in media T. On the other hand, Figure 5 shows that pH and EC of fruit juice were significantly different in both cultivars, when grown under different soilless growing media. The results scored the highest values of pH for seedless cultivar (5.61), when grown in media TS and the lowest value (5.51), when grown in media TP, compared to the highest pH value for baby cultivar (6.47), when grown in media TS and lowest value (5.38), when grown in TP media. On the other hand, the EC of fruit juice scored the highest value for seedless (451.3 µS/cm), when grown in media TS and the lowest EC value (247.5 µS/cm) in TPS, while the baby cultivar showed the highest EC value (863.3 µS/cm) in TP and lowest value (356.5 µS/cm) in T media.
Fruits biochemistry analysis
The Total crude fats (%), total crude proteins (%), total crude fibers (%) and organic matters (%) of fruits were analyzed in both cucumber cultivars. The fat and protein content was represented in Figure 6 . The results showed the highest value of fat for seedless cultivar (3.19%) when grown in T media compared to the lowest value (1.44%) in media TS. The baby cultivar showed the highest value of fat (2%) in media TP compared to 1.13% as the lowest value in media TS. The highest protein value for seedless cultivar (20.19%) was observed in media T compared to 17.75% as the lowest value in media TS. The baby cultivar showed the highest protein (19.33%) in media TS and the lowest value (17.53%) in media T. Soilless media did not significantly affect the organic matter result, while the fiber results increased with media filled by sawdust (Table 4 ). In addition, the fruit minerals did not show a significant difference across soilless media except for the nitrogen content ( Figure 6 ), where the highest value (3.230%) was observed in media T for seedless and lowest 2.805% for baby cultivar, compared to the highest value 3.092% of baby in media TS and lowest 2.841% for seedless cultivar.
Shoot biochemistry analysis
On the other hand, the shoot minerals nitrogen (N %), phosphorus (P μg/g), potassium (K μg/g), sodium (Na μg/g), magnesium (Mg μg/g) and calcium (Ca μg/g) was significantly different between media in both cucumber cultivars ( Figure 7) . Generally, the results of N and K contents were highest, when both cultivars were grown in sawdust. The P content scored the highest value in perlite compared to Na content which scored the highest value in tuff media. The Mg content for seedless cultivar scored the highest value when grown in sawdust compared to baby cultivar which scored the highest value of Mg in tuff. The Ca content scored the highest values in both cultivars when grown in media TP and the lowest values in media TS. On the other hand, the shoot organic matters (OM %), crude fats (%), crude proteins (%), and crude fibers (%) ( Figure 8 ) showed significant differences between all treatments. The results demonstrated that OM % for both cultivars scored the highest values ≈76% when grown in media TS and lowest values 66.96% for seedless and 73.63% for baby in media T. The fat content (%) scored highest values 2.82% for seedless and 2.72% for baby cultivar in T media. The lowest value of 1.43% was observed for seedless and 0.42% for baby values in TP media. The highest protein content (18.46%) was observed for seedless cultivar in media TP and the lowest for baby cultivar 15.18%, while the highest protein content (18.58%) was recorded for baby cultivar in TS media and the lowest for seedless cultivar (15.11%). The fiber (%) scored the highest values (25.01%) for seedless and 28.60% for baby in TP media. The lowest value was observed for seedless cultivar (12.63%) grown in media TPS and for baby (15.74%) in TS media.
Discussion
This study showed and documented the effectiveness of soilless cultivation on the different cucumber cultivars grown in different growing soilless media. The results showed significant differences for both cucumber cultivars across different soilless media. The differences in physicochemical properties of soilless media are shown in Table 1 . The differences between the cultivars interact with environments mainly due to the genetic potential and/or the properties of substrates and their mixture ratio with raw materials. In addition, the soilless media showed differences in physicochemical properties. All of these properties could affect plant growth, yields and quality. In addition, the most important properties in soilless cultivation such as pH and EC reflected the nutrients availability and competition to absorbance. However, previous short-term studies did not focus on the soilless media ratio or the parameters that were measured here, where we evaluated the different soilless media with respect to cucumber production, quality and quantity. The tuff has natural strong sorption properties, like high cation exchange capacity (CEC) and macro and micronutrient content like high sodium that make it an attractive alternative media (Manolov et al., 2006; Baudoin et al., 2013 and Eghtedary et al., 2016) . Each tuff deposit has unique chemical composition, physical and mechanical properties for their successful application in agriculture (Baudoin et al., 2013) . Tuff also shows the pH stability in media because it has buffering properties and it also causes the stability of organic matter in media (Manolov et al., 2006 and Eghtedary et al., 2016) . Tuff possess a buffering capacity and absorb or release nutrients, especially phosphorus, during the growth period (Raviv et al., 2008) . In addition, it can absorb extensive extra cations from media and even from irrigation water, which will lead to a balance between macronutrient cations (Savvas et al., 2004 and Eghtedary et al., 2016) . The perlite shows improved aeration, drainage, optimum moisture retention, nutrient availability and produce a lightweight material with high porosity (Papadopoulos, 1994 and Baudoin et al., 2013) . In addition, it is infertile and has a minimal CEC, with neutral pH (Wilkinson et al., 2014 and Hussain et al., 2014) . The sawdust shows physical properties such as biodegradability at an acceptable rate, low superficial specific gravity, high porosity, high water retention, moderate drainage, and high bacterial tolerance, elevated the usage of sawdust as a plant growth medium in manufacturing industries (Maharani et al., 2010) . In addition, it has specifically been chosen as a test material because it is the most commonly used and readily available worldwide (Maharani et al., 2010 and Baudoin et al., 2013) . The sawdust should be horticulturalgrade sawdust and should be free from contaminants that are toxic to plants (e.g., antifungal chemicals used by the lumber industry) (Papadopoulos 1994) . We only applied sawdust sourced from sawmills because other wood residues, such as treated boards, may contain preservatives or harmful chemicals and can contain high levels of salts and other toxic compounds which negatively reflect the suitable growth of plants containing sawdust (Wilkinson et al., 2014) . Unfortunately, there is lack of literature and less attention to application of soilless media mixture. To the best of our knowledge, this is the first study to investigate the effectiveness of soilless media for cultivation of cucumber cultivars and their effects on yield quantity and fruit quality. Application of NFT produced fruit weight of 350g per plant. The fruit length was 165 mm, fruit juice pH 5.7 and fruit hardness 55N, and confirmed less media costs in our study. Yılmaz et al. (2014) studied plant height of seedling grown in tuff 100%. They reporting that seedling height was 4.96cm with fresh weight of 0.94g. This is a results close to our experiment, but the media cost was much lower in our study. Mazahreh et al. (2015) studied perlite as growing media and reported a total yield of 112.1 tons per hectare. They also mixed it with 50% coconut fiber and reached the yield of 112.9 tons per hectare, while 2:1 perlite and coconut produced a yield of 98.4 ton per hectare. These media were too expensive compared to our used media as well. Maršić and Jakše (2010) reported a root length 41.2cm applying perlite, whereas clay pellets produced a root length of 36.6cm. These values were close to our results in media TS for seedless cultivar (34.3cm) and media TPS for baby cultivar (23.8cm). In addition, they used effect of perlite on the root fresh weight (53.8g) compared to clay pellets (33.4g). However, Peyvast et al. (2009) , used peat growing media and reported plant fresh weight of 0.45kg, and stem diameter of 0.98cm. They also used perlite and showed the stem diameter of 1.01cm, which supports results of our experiment. The fruit length was 15.62cm and the diameter was 27.56cm, while in sole perlite the fruit length was 15.4cm and diameter 28.1cm. These results are completely different from our results in fruit length and diameter. Using peat alone or perlite the yields of cucumber was 9.78 kg m -2 and 8.57kg m -2 , respectively. The peat produced TSS of 3.6 (Brix), while in perlite the TSS was (3.5) Brix. The results in Table 2 and 3 were compared to Petre et al. (2015) where they used perlite and jiffy (peat) in 50-50% ratio. They showed a variation of 140 mg/100g vegetal in chlorophyll content. The yields per plant was 14.614kg and per area were 26.305kg/m 2 . In addition, the fruits protein content was 350mg/100g of plant. Cardarelli et al. (2012) reported the fruit mineral contents using coconut, perlite, rockwool and pumice and reported a contrary results to those obtained in our study ( Figures 6-C and 7) . They reported no significant effect of minerals on plant. The mineral contents in leaves were N 29.7, P 5.7, K 36.7, Ca 32.4 and Mg 8.7 (g kg -1 of dry weight) using coconut, while application of perlite showed that (N 31.8, P 4.2, K 36.3, Ca 36.4 and Mg 6.9 g). In addition, application of pumice produced minerals as N 30.3, P 5.6, K 36.7, Ca 36.8 and Mg 7.1), while in rockwool N 28.2, P 4.4, K 34.8, Ca 30.2 and Mg 5.7 were detected. On the other hand, baby cucumber was grown in sawdust. Maboko et al. (2017) reported that application of 100% nutrients solution produced average plant dry weight of 80.8 g/plant. The average number of leaves after 70 days was 31.3 while, the results of this research showed fewer leaf numbers due to different treatments and measuring time compared to our experiment. Maboko et al. (2017) reported the leaf chlorophyll content of 43.8% after 70 days of direct seeding using Single-Photon Avalanche Diode SPAD 502 chlorophyll meter (Konica Minolta, Osaka, Japan). In addition, the marketable fruits per plant were 36.42g/plant and marketable yields were 5,498 g/plant. The TSS for fruit juice was 3.0% and the pH and EC for fruit juice were 5.2 and 3.7 mS·cm -1 respectively, with fewer media costs. In addition, the leaf mineral analysis results showed that N, K, P, Ca and Mg were 5.7, 3.0, 0.58, 1.69, and 0.5%, respectively. Please start the sentence "Generally, there is less attention for baby cucumber cultivar, according to Shawed and Cantliffe (2003) reported many significant differences in fruit quality between thirteen different cucumber baby cultivars grown in perlite media. The results presented compelling evidence that soilless media are less expensive and available to grow plants worldwide, while they result in higher quantity and quality. Regarding the media's costs-effective, the cheapest was media T, followed by media TS, and media TPS compared to the more expensive media TP. Furthermore, the durability of such media was reduced due to the present of sawdust. The decompositions in media TS was higher than TPS, whereas media T high durability, followed by media TP. Therefore, in the future, care should be taken for biochemical analysis of media to fully understand soilless effects and mode of action in cucumber cultivars especially mini cultivars. It would be interesting to know effect of soilless substrates on other cash crops and recommend their potentials for commercial productions.
Materials and methods

Physicochemical measurements of soilless solid growing media and cost
The physicochemical properties of all substrates consisting of bulk density ρ and porosity were measured according to (De Boodt and Verdonck, 1971) . The water-holding capacity (WHC), pH and electrical conductivity (EC) were measured carefully according to (Brown and Pokorny, 1975 and Wilkinson et al., 2014) methods. Four different soilless solid media proportions were used (T, TP, TPS and TS) as following:
T: Tuff 100%, TP: Tuff: Perlite, 50% for each, TPS: Tuff: Perlite: Sawdust, 33%: 33%: 33% for each and TS: Tuff: Sawdust, 50% for each volume per volume (V/V). Soilless media cost without taxes and transports were T: US $35.5 per Ton; TP: US $7.5 per 100 liters; TPS: US $6 per 100 liters and TS: US $2 per 100 liters.
Seedling production and growth
Common cucumber seeds variety Banan F1 (Nunhems) as seedless and Cengel RZ (RijkZwaan) as baby (mini) cultivars were germinated in a mixture of peat moss 70%: perlite 30% (3:1 v/v). Both cucumber cultivars were grown in 84 tray cells, irrigated twice daily until seedlings produced and then transplanted into plastic boxes at the three-leaf stage after three weeks of planting seeds. The lateral branches were pruned/removed up to 15cm and training systems installed. Plants trained following the high wire steel system with two meters wire inside the greenhouse that damnation was 40 meters length, 11 meters width, and 4 meters height.
Setting up the soilless system and nutrients solution
Sixteen plastic boxes with the dimensions length 49cm, width 29cm and height 11cm were prepared for both cultivars as a closed soilless system. Boxes filled with four homogenous different soilless media as (T): Tuff 100%, (TP): Tuff: Perlite 50% each, (TPS): Tuff: Perlite: Sawdust 33% each and (TS): Tuff: Sawdust 50% each per volume. The tuff or (Black-Zeolite) had a diameter between 0-0.02 Millimeter (mm). The perlite and sawdust with diameter between 3-5 (mm) were obtained from the local market. Two plants per cultivars were sown in each box. A total of 32 plants were grown in this experiment. Both cucumber cultivars were irrigated using Hoagland nutrients solution (Hoagland and Arnon, 1950) supplied through a pump from an irrigation tank.
Cultural practices
The irrigation was carried out daily and cucumber was harvested twice a week in the early morning. Pesticide and/or sulfur powder were applied when necessary. The average temperature was 26°C during daytime and 16°C nighttime. In addition, the average relative humidity was 65%. The water sprayed to reduce the temperature and increase the relative humidity in the greenhouse by cooling panel and fans as a ventilation system. The light intensity was between 95-155 Wm 2 (watt per square meter) and the photoperiod was between 10-12 hours. The pH and EC in nutrients solution were monitored on daily basis carefully since it was a key role for nutrients availability. The average pH value was 6.3 maintained by using Hydrochloric acid (HCL, Severn Biotech Ltd, UK). In addition, the EC was within the range of 1500 -3000 μS microsiemens.
Data collection
Some of the morphological, physiological and biochemical characteristics were measured for each cucumber cultivars in the greenhouse under different soilless growing media. At the same time, four plants were selected randomly from each replication for all treatments.
Plant morphology and physiology
Plant length and root were measured by tape meter. Shoot and root fresh and dry weight were also measured at the end of experiments by analytical balance precision 0.001 (Mettler Toledo, USA). The leaf and flower number were counted. Fruit quality: total fruits weight, fruit weight by analytical balance (precision 0.001), fruit diameter by caliper (precision 0.01), fruit hardness by FHT-803 device (T-Equipment, USA), fruit length by ruler and numbers per plant were counted and fruit water content (FWC) drying measured according to Ahmed et al., 2013 . The shoot, root, and fruit of materials dried in oven (Nabertherm TR 1050, Germany) at 60 °C for 72 hours.
Plant biochemical analysis
The total soluble solids (TSS), pH and EC of fruit juice were measured immediately after harvesting by digital ABBE refractometer (BOECO, Germany) and waterproof meter (HANNA, USA), respectively. The leaf chlorophyll content (LCC) was measured using CCM-300 device (Opti-Sciences, USA), leaf relative water content (LRWC) floating and drying methods were measured as described by (Barrs and Weatherley, 1962) . Leaf and fruit minerals content were analyzed using Kjeldahl method, the P by colorimetric analysis using Spectrophotometer device (Mettler Toledo, USA), the K and Na by Flame photometry (A.KRÜSS Optronic, Germany), the Mg and Ca titration by EDTA method explained by (Estefan et al., 2013) . The protein content calculated by multiplying the nitrogen content by constant value 6.25 as described by (Ferguson and Terry, 1954) . The organic matter content was determined by the drying method described by (Bremner and Jenkinson, 1960) . The fiber content determined as the method described by (Van, 1966) by using ANKOM 2000 Automated Fiber Analyzer device (ANKOM Technology, USA) and the fat content determined as the Ether Extract method described by (Thiex et al., 2003) .
Experiment design and statistical analysis
The layout was split plot in a factorial arrangement with four replications for each treatment. The soilless media were the main plot and cucumber cultivars the subplot. Each replication had four soilless media, two cucumber cultivars and four plants per cultivars. The numbers of observation per treatments were four random plants per cultivars. Data collected from this research were statistically analyzed using the general linear model (GLM) analysis using the statistical software package (SAS version 9.2, 2002) . Means separation performed according to the least significant difference (LSD) test at 0.05 probabilities (P≤0.05).
Conclusion
The increase of population and expansion of arable land are happened due to poor land management and agriculture policies. Climatic and environment changes urge humankind to explore new technologies and cropping systems like soilless culture as a solution for crop production and to supply food demand worldwide. The findings of this research clearly demonstrated that the seedless cucumber cultivar grown in TS substrate showed the best quantity and quality parameters. As a summary the order of soilless cultures were TS > TP, T > TPS. We have also shown that the baby cucumber showed the best parameters when grown in media TP. It showed descending order of TP > T > TS > TPS. The media TPS showed not suitable as a growing media for both cucumber cultivars with respect to growth, yield and quality of cucumbers fruit.
